It has been suggested that the overwhelming number of species in tropical ecosystems consist largely of "neutral" and functionally equivalent species. In phytoplankton, differences in functionality have been shown to be clearly distinguishable from morphological traits. Here we examine whether the increase in species towards the tropics goes together with an increase in functional richness or not. We analyse the latitudinal distribution of phytoplankton morphology-based functional groups (MBFG), the within-group richness and community morphological traits in 83 shallow lakes across South America (5-55°S). We further looked into explaining environmental variables. Despite the increment in species richness towards the (sub)tropics, the average number of MBFG remained constant. Furthermore, size average and variance decreased towards warmer regions. In warm lakes, phytoplankton communities were species rich but redundant in terms of belonging to a MBFG. Increasing species richness only translated into increasing number of rare species in some of the MBFG. In contrast, cold lakes were species poor but less redundant (i.e. essential to maintain the number of MBFG) and had a higher morphological variability. Our results support the hypothesis of higher functional redundancy in warmer areas and the relevance of increasing herbivory in colder regions as a main driving process of latitudinal patterns.
I N T R O D U C T I O N
Functional biogeography studies the distribution of functional groups and traits diversity (Loreau et al., 2001; Violle et al., 2014) . These studies aim to link biodiversity patterns with biogeochemical cycles, and summarize the information of thousands of species quantifying and potentially predicting ecosystem functions and services (Green and Bohannan, 2006; Violle et al., 2014) . The analysis of functional traits contributes to understanding the emergence and maintenance of species richness gradients through their influence on demographic and diversification processes in different climatic regions (Carnicer et al., 2012; Lamanna et al., 2014; Segura et al., 2015) . Especially tropical regions have historically received a lot of attention because of their high species diversity (Brown, 2014; Lamanna et al., 2014) . It has been suggested that the overwhelming number of species in tropical rainforests and other tropical communities consist largely of "neutral" species that are functionally redundant or equivalent (Fauset et al., 2015; Scheffer et al., 2015) . Functional redundancy refers to different species that perform the same functional role in ecosystems (Lawton and Brown 1993; Loreau, 2004) . It is a multifaceted concept difficult to define because it involves several different niche dimensions (Rosenfeld, 2002) . To assess redundancy, multidimensional functional spaces are used, because applying single functional traits results in biases towards finding redundancy (Rosenfeld, 2002) . The application of functional groups to summarize different dimensions of function is a good alternative (i.e. Loreau et al., 2001) .
Phytoplankton is an excellent community model to analyse large-scale geographical patterns. These microscopic primary producers with a huge body size range, can reach high abundances (Litchman and Klausmeier, 2008; Finkel et al., 2010) and their dispersion is hardly limited (Hillebrand and Azovsky, 2001; Fenchel and Finlay, 2004; Hillebrand, 2004; Huszar et al., 2015) . The use of trait-based approaches including the clustering of species into functional groups and functional indexes improves the understanding and the prediction of phytoplankton community responses to environmental changes (Longhi and Beisner, 2010; Kruk et al., 2011; Salmaso et al., 2014) . However, the study of phytoplankton functional biogeography is still at an early stage especially in continental aquatic ecosystems (Follows et al., 2007; Longhi and Beisner, 2010; Vogt et al., 2010; Dunck et al., 2013; Huszar et al., 2015; Chen, 2015; Segura et al., 2015; Santos et al., 2016) .
In phytoplankton, differences in functionality can be distinguished based on morphological traits. Individual morphological continuous (i.e. volume) and categorical traits (i.e. presence of mucilage) reflect the ability to acquire resources (light and nutrients), to grow and to respond to mortality caused by hydrological washout, sedimentation or consumption by grazers (Margalef, 1978; Reynolds, 1984; Salmaso et al., 2014; Colina et al., 2015) . To scale up from organisms to ecosystems, integrating functions are applied (sensu Violle et al., 2007) that merge information from the individual level (morphological traits) with community-level properties (i.e. abundance). Examples of integrating functions are using traits weighted averages or classifying organisms into functional groups sharing similar traits and responses to environmental changes (Salmaso et al., 2014) . The morphology-based functional groups (MBFG) approach clusters organisms by morphological traits (i.e. volume, presence of flagella), which are well related to physiology (i.e. size and growth rates), independent of their phylogenetic affiliation (Kruk et al., 2011) (Supplementary Table S1 ). MBFG captures many of the functional and demographic differences among organisms and species (Kruk et al., 2010) and of responses to environmental changes (Kruk et al., 2011; Caroni et al., 2012; Segura et al., 2013; Reynolds et al., 2014; Zutinic et al., 2014; Colina et al., 2015) . Furthermore, MBFG can explain large-scale variations and are suitable for analysing large data sets that cover different geographical regions (Salmaso et al., 2014) .
It has been shown that the distribution of trait values within communities and their variability along environmental gradients serves to summarize ecosystem processes (Violle and Jiang, 2009; Adlers et al., 2014; Kruk et al., 2014) . Traits have also been used as a proxy for biotic interactions (Moles et al., 2011) and to explain differences in diversity along latitudinal gradients (Lamanna et al., 2014) . Here we hypothesize that morphological traits variability effectively represents phytoplankton functional diversity. We describe functional diversity in each lake using three approaches: (i) the number of MBFG (functional richness), (ii) the within MBFG species richness and (iii) the mean and variance of community properties namely volume, maximum linear dimension (MLD) and surface-to-volume ratio averages weighted by abundance. The aim of the study is to better understand phytoplankton latitudinal gradients in lakes and to examine whether the increase in species towards the tropics corresponds with an increase in functional richness. To do so, we analyse MBFG and morphological traits in 83 freshwater shallow lakes spanning from subpolar to tropical regions in South America (5-55°S, 6000 km). We evaluate their relation with the number of species and with the potential driving environmental variables (temperature, zooplankton grazing).
M E T H O D Study area
We sampled 83 freshwater shallow lakes along a wide latitudinal gradient (5-55°S) along the east coast of South America (Fig. 1) . The lakes were sampled in five different climate zones according to the Köppen climate system (1936) based on monthly rainfall and temperature and digitized by Leemans and Cramer (1991) : tropicali (isothermal subzone in the tropics, which has a smaller annual temperature range than the tropical zone) (19 lakes), tropical (19 lakes), subtropical (18 lakes), maritime temperate (16 lakes) and tundra (11 lakes) climatic zone (Fig. 1) . The lakes were selected to resemble each other as closely as possible in morphometry, altitude, conductivity and to vary as much as possible in trophic state within each climate zone (Supplementary Table S2 ). All lakes had a surface area between 0.09 and 2.53 km 2 and were situated at maximum 500 m above sea level. Most lakes had no or only a small surface water inlet. For details please refer to Kosten et al. (2009a, b) . We collected depth-integrated water samples combining 20 random points in each lake. Subsequent subsampling for different analyses was done from the bulk sample. Phytoplankton samples were fixed in Lugol's solution. For zooplankton determination, 2 L from each random point were filtered through a 50-μm sieve and preserved in a 4% formaldehyde solution. Yearly averaged air temperature (Tair,°C) was retrieved from the online database (http://www.cru.uea.ac.uk) of the Climatic Research Unit (New et al., 2002) , based on the time series of mean air temperature for each region. Measured water column variables included temperature (°C), Secchi disk depth (m), maximum depth (m), total phosphorus (µg L , Nusch, 1980) . Zooplankton taxa were identified, counted and classified into main taxonomic groups (rotifers, copepods and cladocera). Zooplankton biomass was estimated as dry weight (dry weight μg l −1 ) (details of sampling and sample analysis are given in Kosten et al., 2009b) .
Sampling and data collection

Phytoplankton sample analysis
Phytoplankton was counted in random fields using the settling technique (Utermöhl, 1958) . The individuals were identified: when possible, at the species level but in case no clear taxonomic names emerged we identified the species with a label. We applied rarefaction to plankton counts by counting until the number of species reached an asymptote or until we reached at least 100 individuals of the most frequent species (Lund et al., 1958) . We examined the samples at multiple magnifications, organisms between 2 and 5 μm were counted at 1000×, those between 5 and 100 μm at 400× and larger organisms at 200×. We did not include picoplankton species (<2 μm). Species richness was calculated as the number of species per lake. Species were classified as dominant when representing at least 30% of the total biomass and as rare when represented with <1% of the total community biomass.
For all lakes, we considered the individual alga as the unit (unicell, colony or filament). Cell numbers per colony, as well as the dimensions of the organisms, including MLD were measured. Individual volume (V) and surface area (S) were calculated according to the geometric equations of Hillebrand et al. (1999) . Population biomass was expressed as biovolume and calculated as the individual volume of the organism multiplied by its abundance. For colonial organisms with mucilage, V and S calculations were made for whole colonies including mucilage. The presence of aerotopes, flagella, mucilage, heterocytes and siliceous exoskeletal structures was noted for each relevant organism. For each lake, the weighted averages of MLD, V and S/V were estimated ) of all the species present in the community.
Each organism was classified into one of seven MBFG based on their individual morphological traits (Kruk et al., 2010; . Group I clusters small, high surface-to-volume ratio unicells and colonies; Group II is characterized by siliceous flagellates; Group III are filaments with large sizes, high surface-to-volume ratio and aerotopes; Group IV representatives are mainly medium size unicells, colonies and filaments without other traits (e.g. aerotopes, flagella, mucilage); Group V includes medium to large size flagellates, Group VI is composed of medium to large unicells and filaments with siliceous walls (mainly diatoms) and finally Group VII represents large mucilaginous colonies. For a detailed description of the groups, refer to the Supplementary Table S1 .
Functional diversity in each lake was calculated in three ways: (i) the number of MBFG; (ii) richness of each MBFG considering the total number of species (MBFG richness) and the species with at least 1% of total biomass of the same group (non-rare MBFG richness) and (iii) the mean and variance of volume, MLD and the surface-tovolume ratio in the community weighted by species abundance.
Data analysis
Spearman non-parametric correlations were conducted to test the univariate association between variables. A linear regression model was constructed to relate the number of species to the number of genera. The log-likelihood ratio test (LRT) was employed to test for differences in mean and variance values among lakes from different climatic regions in biological and environmental variables using the R-package nlme (Pinheiro et al., 2016) . As some relationships showed heteroscedasticity, we explicitly modelled the variance structure as a function of the explanatory variable (e.g. species richness) with a power law relationship. We tested whether the model with the heterogeneous variance improved fit in comparison to the homoscedastic variance structure using a LRT as implemented in the "anova" function under the "nlme" package (Pinheiro et al., 2016) . If no significant improvement was obtained in the LRT, the homoscedastic model was selected as it had the simplest variance structure. Quantile regression is a method to analyse the conditional distribution of the response variable at the median or any other quantile (Cade and Noon, 2003) . This technique uses more information than the ordinary linear regression on the conditional distribution at the extremes and it is suitable to describe upper or lower limits among response and explanatory variables when there are hidden variables influencing the relationship. Here we describe trends in the relationship between weighted average community traits with species richness and environmental variables using the "quantreg" R-package (Koenker, 2015) . All analyses were performed in R (R core Team, 2014) .
R E S U L T S Latitudinal patterns
The number of MBFG per lake varied from 3 to 7, with an average of 5, when considering all species. Considering non-rare species (higher than 1% of total biomass) only, functional richness varied from 1 to 7, with an average of 4. Results from both approaches were significantly correlated with each other (rs = 0.56, P < 0.001, N = 86) and there were no differences in their average number along the latitudinal gradient (Fig. 2 , Table I ). In contrast, the average number of species (average 33, range: 11-62) showed a sharp increase towards the subtropical region and further saturation with decrease in variability (Fig. 2 , Table I ). The total number of species increased linearly with the number of genera (N species = 0.73 × N genera + 2.69; R 2 = 0.92; P < 0.001). Finally, the number of dominant species (>30% of biovolume) was 1 to 2 per lake and its average value was constant along the latitudinal gradient, while rare species increased towards warmer regions (Table I) .
Although the seven MBFG were present in all climatic regions, the number of species per MBFG changed (Table I) . There was an increase in the within richness towards the equator for Groups I (small, high surface-to-volume organisms), IV (medium size, without other traits), V (medium to large size flagellates) and VII (large mucilaginous colonies) ( Table I, Fig. 2 ). Differently, Group III (large, high surface-to-volume filaments with aerotopes) had higher richness in temperate and tropicali systems (Fig. 2b) , while species richness in Group II (siliceous flagellates) was higher in subtropical lakes (Table I) . Finally, Group VI (diatoms) was homogeneously distributed among climatic regions. There was no clear relation between the number of species and the number of MBFG (Fig. 3) or the number of MBFG estimated using the non-rare species.
The community weighted averages of morphological traits differed among climatic regions. Larger organisms, both in terms of MLD and volume, with larger variances were found among lakes in colder areas (tundra and temperate), whereas smaller and less variable organisms dominated in subtropical and tropical lakes (Table I, Fig. 4) . Differently, the average community surface-to-volume ratio remained constant across lakes of different regions (Fig. 4) . .3* ***P < 0.001, ** P < 0.01, * P < 0.05; ns, non significant. a MBFG, MBFG considering only non-rare species (MBFG non-rare), number of dominant species (attaining at least 30% of the total community biomass), number of rare species (with <1% of the total community biomass) and number of species in each MBFG from I to VII.
Community traits and environmental variables
Air temperature and grazing pressure, for which we used zooplankton biomass as a proxy, varied significant among the climatic regions ( Fig. 5 upper panels, Table I ). While air temperature increased linearly towards warmer regions, grazing pressure increased towards cold lakes. Cold areas also had higher morphological variability in volume and MLD across lakes, and lower overall richness ( Fig. 4 and 2b) . The abundance of cladocera and cyclopoid copepods, as well as total zooplankton average size and its variance, was higher in temperate and subpolar than in warmer lakes (Table I, Supplementary Table S2) . Community traits weighted averages were significantly related to temperature and zooplankton biomass (Fig. 5 ). Volume decreased with increasing air temperature (R 2 = 0.29, P < 0.001, log 10 V = 3.02-0.087 × air temperature) while MLD increased in lakes with higher zooplankton biomass (R 2 = 0.41, P < 0.001, log 10 MLD = −0.52 + 0.4 × log 10 zooplankton biomass) (Fig. 5 ).
Species and community traits
Community weighted average of MLD (rs = −0.099, P = 0.37) and the log 10 volume (logV, rs = 0.06, P = 0.58) did not show a trend with the number of species when considering all lakes (Fig. 6, left panels) . However, when considering the 0.9 and 0.1 conditional quantiles, a convergence of MLD and logV towards smaller values in lakes with more species was observed (Fig. 6, left panels) . The community weighted average of the surface-tovolume ratio (S/V) remained constant with increasing number of species (rs = 0.068, P = 0.54). The variability around the community average showed that MLD and logV presented a decaying power law relationship of variance with species richness different to logS/V which showed homoscedasticity (Fig. 6, right panels) .
D I S C U S S I O N
In this paper, we examined whether the increase in phytoplankton species towards the tropics in South American shallow lakes corresponds with an increase in functional diversity. We found that while taxonomic richness (number of species) increases towards the equator, phytoplankton  functional diversity does not. The results support our working hypothesis that functional redundancy increases towards warmer regions due to a higher number of morphologically more similar and therefore potentially neutral species. This suggests that more stable conditions favour specific niches full of redundant species in tropical lakes, while temperate regions harboured less species but with higher trait variability among lakes. The mechanisms implicated are related to a combination of environmental gradients and biological interactions as has been shown in previous studies (i.e. Thomas et al., 2012) . Regions combining higher temperatures with low and less variable grazing pressure allow higher richness of smaller and more palatable MBFG. Differently, colder regions with higher and variable grazing pressure hamper the number of species of susceptible MBFG, selecting for larger sizes and lower richness, but higher regional variance. Similarly, the number of species with predictable biomass increases towards warmer and more stable lakes and were explained by zooplankton biomass and temperature . This relation between community trait variability and community assembly, through changes in biological interactions, has already been observed in the New World woody species (Lamanna et al., 2014) and in experimental studies in phytoplankton (Yvon-Durocher et al., 2015) .
Latitudinal patterns in the number of species and MBFG
The seven MBFG were present in all climatic regions and higher taxonomic richness in warmer lakes was mainly represented by seemingly redundant species. Redundancy was present in terms of belonging to the same MBFG but also with smaller variance of community morphological traits among warmer lakes. While the number of dominant species was similar among climates, the increase in total richness towards the equator was mainly due to a larger number of redundant rare species. We might have underestimated the diversity of small species due to the difficult identification of these organisms by means of a light microscope. Using molecular tools to discriminate populations could result 6 . Relationships between the number of species and community weigthed averages of morphological traits based on species abundance, including MLD (a), volume (V, c) and surface-to-volume ratio (S/V, e). In a, c and e, quantile regression (rq) models fitted to the 0.9 and 0.1 conditional quantiles are included (dashed lines). Models for MLD: log10MLD(rq9) = 2.01-0.025 × S and log10MLD (rq1) = −0.048 + 0.0002 × S. Models for V: log10V(rq9) = 4.03-0.029 × S and log10V(rq1) = 0.029 + 0.0047 × S. In b, d and f, the relation of variance of the average of the three morphological traits and the number of species is shown. MLD (b) and V (d) showed a signficant change in variance (LRT) with richness.
 in a higher richness in warmer lakes, where smaller size organisms were dominant, therefore reinforcing the observed pattern.
In tropical rainforests and despite their high diversity, the abundance of trees is skewed towards relatively few "hyperdominant" species (ter Steege et al., 2013; Fauset et al., 2015) . In the studied shallow lakes there were usually one or two species dominating the community biomass representing similarities with tropical forest communities. The causes underlying trees dominance are mainly related to biological interactions, including competitive superiority of dominant species in particular environments as their traits and demographic parameters indicate habitat specialization and resistance to frequency-dependent mortality (i.e. specialist herbivores) (Walker et al., 1999; ter Steege et al., 2013) . Similarly, it has been shown that predictable phytoplankton species are equally frequent than unpredictable ones and are independent from the climatic region .
While the number of dominant species remained stable along the latitudinal gradient, rare species increased towards warmer climates explaining the rise in total richness and functional redundancy, which might reduce community diversity (i.e. Shannon index). These rare species might consist of "visiting" species that belong to other habitats (Magurran and Henderson, 2003) , or remained in the system from earlier times when conditions favoured them more (Rosenzweig and Buikema, 1994) . However, in our investigated lakes, most species consisted largely of rare "neutral" species that are functionally equivalent as they belong to the same MBFG (Fauset et al., 2015; Scheffer et al., 2015) . Also, in the lakes from tropical regions, species traits were less variable indicating a higher similarity and potential neutrality among them. These results coincide with Yvon-Durocher et al. (2015) , who showed that experimental warming of 4°C led to an increase in species richness with evenly distributed abundance, which translates into more rare species.
Latitudinal patterns in each MBFG richness and contribution to redundant species Different patterns of the within-group species richness were observed. For example, species richness in MBFG I, IV, V and VII increased towards the equator, while Groups II, III and VI had a different pattern. The use of functional groups helps connecting the observations in natural gradients with explicit hypotheses about phytoplankton main driving mechanisms (Reynolds et al., 2014; Zutinic et al., 2014; Salmaso et al., 2014; Rangel et al., 2016) . Here we identified two main gradients responsible for the latitudinal richness patterns and the increase of redundant species towards warm climates: (i) temperature and (ii) grazing, these variables might explain the success of different MBFG. The species that explained the latitudinal richness increase were rare and included mainly representatives of MBFG I (small high S/V organisms), IV (medium size, organisms lacking specializations), V (medium to large size flagellates) and VII (large mucilaginous low S/V colonies). Species from Groups I, IV and V are in the most edible size ranges (Lehman, 1988) and are considered to be high nutritional quality food (Sterner and Elser, 2002) , and thus are liable to high grazing losses by zooplankton (Colina et al., 2015) . However, large size and volume, and low S/V, should tend to make species from MBFG VII sensitive to low resource supply, including nutrients and light . Furthermore, several representatives of this group are characterized by higher growth rates at warmer temperatures (Lûrling et al., 2012; Chen, 2015) . Therefore, our data support the hypothesis that rare and redundant species from warmer lakes are represented by species from Groups I, IV, V and VII unable to cope with local environmental conditions observed in the southern lakes including lower temperature and higher grazing (Kosten et al., 2009b) . Similarly, warming through increased top-down control, mediated by zooplankton grazing, played an important role determining phytoplankton structure (richness, composition and size) in an experimental approach (Yvon-Durocher et al., 2015) .
The richness of three MBFG showed no pattern with climatic region but instead its richness was associated with local conditions. MBFG III includes organisms that are large and grow relatively slowly, but their high S/V and ability to control their position in the water column (Kruk et al., 2010) confers a tolerance to limiting light conditions (Naselli-Flores and Barone, 2012) . Large MLD (Lehman, 1988) and potential toxicity (Dow and Swoboda, 2000) give this group a higher resistance to grazing (Colina et al., 2015) . Group II contains small siliceous Chrysophyceae. These are relatively slow-growing, small-sized flagellated organisms, that, combined with the presence of siliceous spines, reduce losses due to grazing (Sandgren, 1988; Reynolds, 1997) . The distribution of this group was independent of latitude probably because of their particularly restricted environmental preferences including low nutrients, and clear water with high carbon content (Sandgren, 1988) . Finally, the richness within-group VI, composed entirely by diatoms, was homogeneously distributed among climatic regions, presumably because diatoms are more tolerant of low temperatures than other groups (Zhang and Prepas, 1996; Chen, 2015) . Furthermore, their traits reflect tolerance to grazing and low light conditions (Kruk et al., 2010; Colina et al., 2015) characterizing colder lakes (Kosten et al., 2009a, b) .
Besides morphology, functional variability is associated with other traits (i.e. pigments). The analysis of more specialized groupings other than MBFG (i.e. Reynolds et al., 2002; Salmaso and Padisák, 2007) including other functional traits would be helpful to identify the modulating mechanisms at finer regional and temporal scales (Salmaso et al., 2014) . Also, the analysis of functional diversity (Mouchet et al. 2010; Laliberté and Legendre, 2010) and functional redundancy (Pillar et al., 2013) by using indexes based on functional traits could complement the present results.
Latitudinal patterns in morphological traits
Organism size (MLD and volume) decreased towards subtropical and tropical regions as observed in previous studies (Finkel et al., 2010) . Temperature is a major driver of individual metabolism and ecosystem processes. It affects individual and population growth and water column structure (Winder et al., 2008) . The decrease in size with temperature caused by increased physiological requirements or changes in nutrient flux is well documented and described elsewhere (i.e. Winder et al., 2008; Finkel et al., 2010; Forster et al., 2012) . Grazing pressure also affects community size structure, as larger MLD acts as a grazing deterrent (Vanni, 1987) . Differences in the structure of the grazer community in terms of different sizes and feeding preferences will affect MBFG composition (Colina et al., 2015) . Here we found that larger MLD were observed in lakes with higher biomass and average sizes of zooplankton indicative of high grazing pressures on phytoplankton (Hansen et al., 1994) . Also, higher biomass of cladocera, with feeding preferences for MBFG IV and I, was observed in colder lakes, explaining the lower richness of these phytoplankton groups. The higher grazing pressure results from low densities of omnivorous fish in tundra and temperate lakes (Kosten et al., 2009b) . Furthermore, omnivorous fish in warm lakes have multiple reproductive events per year (Meerhoff et al., 2012) that may result in a yearly stable predation pressure on zooplankton. Differently, in temperate and subpolar lakes, a more seasonal variation in zooplankton predation might result in higher and variable grazing pressure on phytoplankton.
Despite, the overall decrease in size, average S/V remained constant. This ratio is one of the most conservative morphological traits among phytoplankton, i.e. a minimum ratio has to be attained to survive and eventually increase in size (Lewis, 1976; Reynolds, 1988; Kirk, 2010) . Larger organisms in cold lakes increased their volume along with their MLD preserving their S/V ratio similar to smaller and more spherical organisms in warmer regions.
In the smaller size range (2-5 μm, MBFG I), the expected allometric relations for larger phytoplankton species are not observed, mainly due to non-scaling components (Lewis, 1976; Raven, 1998; Marañon, 2015) . Also, these organisms might have variable physiological traits (i.e. pigment composition) and as a consequence modify their responses to environmental gradients (i.e. Stomp et al., 2007) . Further research should evaluate the contribution of picoplankton to community morphological traits and their responses to latitudinal gradients in lakes.
Species and community traits
Species-rich lakes presented lower trait variance with similar community size structure, while species poor regions had higher inter lake variability and contrasting community size structure. The extent of functional traits space has been linked to the use of the available niche space in a community (Díaz et al., 2001) . In this sense, species and communities in warmer lakes with higher taxonomic richness were more similar in terms of the realized niche, while the opposite occurred in colder lakes. The variability of traits might also be related to other mechanisms affecting species coexistence including those that tend to make species as different as possible (niche-based) and those mainly equalizing (Roy and Chattopadhyay, 2007) . A composite of niche-based and neutral ecological processes (Scheffer and van Nes, 2006; Vergnon et al., 2009; Segura et al., 2013) might be structuring phytoplankton communities along the latitudinal gradient and promoting species co-occurrence or avoidance. According to the present results, tropical lakes seem to have some zones in their trait space that are favoured (e.g. reduced mortality; higher growth rates) with the consequent hump of organisms in those specific traits regions as has been shown theoretically (Scheffer and van Nes, 2006) . The intensity of competition increases towards higher latitudes (Pianka, 1966) . Also, regions with greater trait variability have been linked to higher competition . The analysis of tropical and temperate forests has shown that the range of trait combinations is larger in temperate than in tropical regions, and that multiple processes shape trait diversity in trees and the latitudinal patterns in richness (Lamanna et al., 2014) .
C O N C L U S I O N S
Here we found evidence that a combination of environmental stability, lower grazing pressure and lower competition leads to smaller variance in traits and higher species  richness in tropical regions. Whether the latitudinal patterns in species might be the result of self-constructed niches emerging from competitive interactions still needs more analysis. Future research on functional redundancy should focus on the relative partitioning of variance in functional space among species within MBFG and in the estimation of multidimensional functional traits indexes (i.e. Lamanna et al., 2014) combining both continuous and categorical traits. The biological implications of higher abundance of neutral species in tropical regions as well as the higher trait variability among colder lakes on ecosystem resilience (Walker et al. 1999; Petchey and Gaston 2002) also deserve further analysis.
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